Introduction: This study aimed to describe the occurrence of human visceral leishmaniasis in Araçatuba with regard to time and space and to identify high risk areas. Methods: We included all human visceral leishmaniasis autochthonous cases reported between 1999 and 2015. The incidence rates were calculated by sex, age, and year. The human visceral leishmaniasis cases were geocoded and grouped by urban census tracts, enabling the calculation of the incidence and mortality rates by census tracts. For the identification of high risk areas, we utilized the scan statistics and univariate Ripley's K-function. Results: The incidence presented a cyclic pattern in
INTRODUCTION
Until 1998, human visceral leishmaniasis (HVL) cases reported in the State of São Paulo (SP) were imported from other Brazilian regions, and its principal vector, Lutzomyia longipalpis, was detected only in rural areas in the eastern part of the State 1 . Lu. longipalpis was first detected in 1997 in the urban areas of Araçatuba City 2 . In 1998, autochthonous cases of canine visceral leishmaniasis (CVL) were detected, and in 1999, the first autochthonous HVL cases were also detected 3 .
Studying the temporal and spatial distribution of HVL in Araçatuba was important because it was the first municipality of the state to confirm autochthonous cases and it had played an important role in the dissemination of the disease in SP 4 . Furthermore, the dissemination of the disease in Araçatuba in the early years after its introduction occurred without a structured surveillance and control program in SP. The use of geographic information systems (GIS) and spatial analysis tools are important to evaluate the geographical distribution of the disease. The results of the analyses using these tools help in the understanding of health-related phenomena and are important when deciding on the surveillance and control measures, allowing the identification of areas of greatest risk for its occurrence 5, 6 .
Thus, this study aimed to describe the occurrence of HVL in Araçatuba with regard to time and space, between 1999 and 2015, and to identify high risk areas.
METHODS
The municipality of Araçatuba (21º12'32" S, 50º25'58" W) is the capital city of the region with the same name localized in Incidence rates (IR) and mortality rates (MR), standardized by age, fatality rates (FR), and HIV coinfection rates (CR) were calculated for the entire study period. The IR was also analyzed by age, sex, and year. Once the HVL cases were grouped by census tracts, we calculated the values for IR and MR, standardized by age, for each census tract for the entire period of study. Data about the year of occurrence of HVL cases, census tracts, and year when the first case occurred in each census tract were depicted in thematic maps.
The scan statistics 7 , using SaTScan 9.3.1 software 8 , was performed to identify spatial and spatio-temporal clusters that are high risk for HVL. Three databases were created: the first database contained the data of each case, such as census tracts, date of onset of symptoms, and age of the case; the second database contained information about the number of inhabitants for each census tract by age; and the third database contained the Cartesian coordinates of the census tract.
For the identification of purely spatial clusters, we used the Poisson discrete model with the following conditions: period between 1999 and 2015, no occurrence of geographical overlap, maximum size equal to 50% of the exposed population, circular shape, and 999 replications to calculate the p values. For the identification of spatio-temporal clusters, we also used the Poisson model with the same conditions for the spatial analysis, considering the time precision in years and the maximum size of the temporal cluster equal to 50% of the total period. These conditions provided results controlled by the census tract population and their age distribution 7 .
To evaluate the existence of spatial dependence between distributions of human cases in the study area, univariate analyses of the three periods were performed using Ripley's K-function: 1999-2004, 2005-2009, and 2010-2015 . Results showed that the first two periods presented the highest rates of disease, each presented with a peak, and the last period had the lowest and relatively stable rates.
Three banks with the geographical coordinates of each case in different periods were used, through software R version 3.2.3 9 . Graphs of the curves of the function K were generated according to distance in meters, with 95% confi dence interval. No signifi cant dependence was found when the function did not exceed any limit in any distance, a positive dependence was found when it exceeded the upper limit, and a negative dependence was found when it exceeded the lower limit.
Ethical considerations
The present study was approved by the Research Ethics Committee from the School of Public Health of the University of São Paulo (protocol number: 257.511; 04/26/2013).
RESULTS
There were 315 confi rmed autochthonous cases of HVL and 30 deaths from HVL in Araçatuba, from 1999 to 2015. In the entire study period, the IR, MR, and FR were 10.2 cases per 100,000 inhabitant-years (12.7 for men and 8.2 for women), 1.0 death per 100,000 inhabitant-years, and 9.5%, respectively. The IR for ages between 0 and 4 years were much higher than that for the other age groups. By sex, female patients aged 0-4 years had higher IR than male patients. In other groups, male patients had higher IR than female patients (Figure 2A ). Among the HLV cases, we identifi ed 35 HIV coinfections, which corresponded to 1.1 cases per 100,000 inhabitant-years. Figure 2B presents the IR by year, and it can be seen that the fi rst incidence peak occurred in 2002 (30.1 cases per 100,000 inhabitant-years, the highest rate registered in all temporal series). This peak was followed by a reduction in the rates until 2005 and thereafter another increase until 2007 (second peak: 19.6 cases per 100,000 inhabitant-years). Subsequently, the rates diminished until 2010. Between 2010 and 2015, the IR stabilized at 2.0 cases per 100,000 inhabitant-years. The IR values in this last period were the lowest of the all temporal series. We emphasized that the CR incidence curve by year followed the pattern of the IR curve in the period, but at a much lower level.
It was possible to geocode 311 (98.7%) of the 315 HVL cases. Figure 3 presents the map of the urban area of the city with the HVL cases that were geocoded by year of occurrence and the census tract by year of occurrence of the first case. The census tract that corresponded to the geographic center of the city is pointed out in gray in Figure 3 . The cases with the same address in the same thematic map were slightly spaced from each other so that every point on the map represented only one HVL case. The occurrence pattern of HVL cases during the entire study period was only one case by census tract in the same year. The exception was the occurrence of more than one case by census tract in the same year.
In 1999-2000, 27 HVL cases occurred in 23 census tracts in Araçatuba. The cases were dispersed in the norther part of the city; however, the cases formed a cluster in the eastern part of the city ( Figure 3A) . The periods 2001-2002 and 2003-2004 experienced the greatest numbers of case (80 and 75, respectively), and the greatest numbers of census tract with transmission was detected for the first time (56 and 44, respectively). In the first period (2001) (2002) , the cases were more concentrated in the peripheral areas than in the central area; however, a cluster of cases around the geographic center was also observed (Figure 3B ). In the following period (2003) (2004) , the occurrence of cases in the region above the geographic center was similar to that reported in 1999-2000. In the region below the geographic center, a new cluster had formed in the southwestern area ( Figure 3C) .
In 2005 and 2006, there was a significant decrease in the number of HVL cases (32) and in the number of census tracts affected by the disease for the first time (13) . Furthermore, the disease had spread throughout the city, excluding the area near the geographic center ( Figure 3D ). In the following two years (2007) (2008) , the occurrence of the disease became more intense, with 67 new HVL cases and 20 census tracts presented for the first time; however, in 2009, there was again a decrease in the incidence, with only 10 cases reported. In 2007-2009, the disease had spread in the region above the geographic center, but without reaching the extreme northern part of this area. In the region below the geographic center, clusters of cases occurred in both the far Southeastern and Southwestern part of this area ( Figure 3E) . The last period (2010-2015), despite covering 6 years, had the lowest number of census tracts with cases for the first time (only 4 and only 29 HVL cases), with the disease spreading throughout the urban area of the city (Figure 3F) .
The initial occurrence of one or few cases in certain areas of the city giving rise to clusters of cases followed by its dissipation in the following years was the pattern of the spatial distribution of HVL in Araçatuba. The map of the urban area of Araçatuba by census tract showing the IR and MR values for the entire study period and its geographic center is presented in Figure 4A and Figure 4B . If we divided the city into parts above and below the geographic center, it can be seen that in the part above there were more census tracts with the occurrence of disease and with higher incidences (red and green colors) compared with the part below. Furthermore, the occurrence of disease in the region above the geographic center presented a more spread pattern than the region below it, with the presence of clusters in the Southeast, extreme South, and Southwest areas ( Figure 4A) . The MR presented a more uniform spatial pattern than the IR. It should be noted that, in general, no deaths were identified in areas with the highest incidence ( Figure 4B) .
The result of the analysis to identify spatial clusters of HVL cases is presented in Figure 4C , with two clusters identified. The first cluster (spatial cluster 1) encompassed the upper half part of the city and the second (spatial cluster 2) was localized in its Southern part. The relative risks (RR) for HVL related to clusters 1 and 2 were 2.0 and 3.6, respectively.
The result of the analysis to identify spatio-temporal clusters of HVL cases, with the same controls used for the spatial clusters, is presented in Figure 4D Figure 5C ), no spatial dependence was observed at any distance.
DISCUSSION
The highest HVL incidence rates in Araçatuba from 1999 to 2015 occurred among the youngest age group (0-4 years). The incidence rates over the study period indicated a changing pattern of occurrence: the first period (1999 to 2009) presented a cyclic pattern, clusters, and presence of spatial dependence in the case point distribution; the second period (2010 to 2015) presented the lowest rates of all historical series, stable incidence, and HVL cases with a random distribution pattern. We hypothesized that this changing pattern could be a consequence of the development of control measures, an issue that will be the subject of future investigation.
High risk regions were identified in the study period, but no deaths were noted, probably due to the underreporting of these cases. In a study using capture and recapture, Maia-Elkhoury et al. 10 estimated that 45% of HVL-related deaths registered in the Mortality Information System [Sistema de Informações sobre Mortalidade (SIM)] were not registered in the SINAN database. In addition, the random fluctuation of the data, caused by the phenomenon of small numbers due to the low number of deaths by census tracts, should be considered.
The temporal and spatio-temporal analyses showed that the period between 1999 and 2009 encompassed the years with spatio-temporal clusters (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) , the years (2002 and 2007) where the disease had its peaks, and the years with the highest incidence rates. The results of the Ripley's K-function followed the same direction, as the HVL case point distribution presented a positive spatial autocorrelation in the period 1999 2009. In 2010-2015, no spatio-temporal clusters were detected and no spatial dependence was observed at any distance in the point pattern analysis, which coincides with the period of low rates and relative stability in the incidence. Similar to a previous study conducted in Araçatuba, Souza et al.
11
, Vieira et al. 12 , and Cardim et al. 13 performed a spatial and spatio-temporal analysis of HVL in the Cites of Bauru, Birigui, and Adamantina, SP and clusters were detected. Furthermore, Ripley's K-function was applied in a study on CVL and HVL occurrence in the City of Araçua, Minas Gerais State, Brazil 14 . We expected that the highest agglomeration distance of HVL cases is about 250m, based on the phlebotomine flight radius that, in urban areas, hardly exceeds this distance 15 . However, other factors related to the reservoir, environment, and humans may be involved in the composition of the HVL distance agglomeration, which could explain the findings of our study.
Apart from the results of our study, it is worth noting that the use of scan statistics allowed the identification of clusters that represent the risk areas, which should be prioritized in relation to the adoption of surveillance and control activities. As for the spatio-temporal clusters, in a retrospective analysis, they represent areas that presented conditions more favorable to transmission and therefore deserve further investigations. Although the use of Ripley's K-function in visceral leishmaniasis studies was limited, it is a useful tool to evaluate the existence of spatial dependence in point distributions and identify distances for control purposes.
With regard to conditions that caused HVL to be clustered, factors related to the vector, animal reservoir, and socioeconomic, demographic, and environmental conditions, among others, must be considered. The vector distribution is considered to be clustered 16 and related to the HVL case occurrence 17, 18 . CamargoNeves et al. 19 studied the Northern region of Araçatuba, seeking to identify environmental determinants for establishment and maintenance of the vector. They observed that in one of the five sectors studied, there was a higher density of sand flies forming spatial clusters and higher presence of organic matter in the buildings with smaller backyards, compared with properties with backyards of greater size. With regard to the animal reservoir, Costa et al. (in press) 20 observed in Araçatuba that the average prevalence of CVL from 2007 to 2015 in the areas where serological screening was conducted did not exceed 20% but it decreased between 2007 and 2009, with a relative stability around 6.8%. Moreover, they also observed a significant spatial dependence between human and canine cases.
Fernández et al. 17 studied the spatial distribution of Lu. longipalpis around sites where human cases were detected in the province of Misiones, Argentina, and found places with high vector density. Oliveira et al. 18 also found a significant association between the number of Lu. longipalpis collected and HVL and CVL occurrence in Três Lagoas, Mato Grosso do Sul State, Brazil. The relationship between areas with higher vector density and HVL clustering could also be presented in a reverse form. Once HVL high-risk clusters are detected, these areas should be prioritized when developing canine and vector control measures.
In a study carried out in West Africa, Kolaczinski et al. 21 observed that the disease occurred in areas with low socioeconomic status. The highest rates of HVL incidence in Teresina, Piaui State, Brazil, occurred in areas with abundant vegetation cover, high population growth, and lack of adequate infrastructure 22 . Maia et al. 23 observed, in Petrolina, Pernambuco State, Brazil, that the highest number of CVL and HVL cases occurred in an area of this city with the worst socioeconomic conditions, which also had many street dogs. Borges et al. 24 identified in Belo Horizonte, Minas Gerais State, Brazil, that the presence and number of dogs in every household were associated with an increased risk of HVL.
Considering that the HVL case distribution is mainly associated with areas with higher vector density [16] [17] [18] , higher canine presence and CVL prevalence 11, 14, [24] [25] [26] [27] [28] , and worse socioeconomic, demographic, and environmental conditions [21] [22] [23] , the HVL clustering would be seen as a consequence of all these conditions collectively.
With regard to the absence of HVL clustering in last period of our analysis (2010) (2011) (2012) (2013) (2014) (2015) and the factors that could be linked to this, if higher vector density and canine prevalence and worse socioeconomic conditions could cause HVL clustering, then the inverse could be also true. However, there was no evidence to prove that the socioeconomic, demographic, and environmental characteristics have changed during the period of the study.
Thus, the changing pattern of the HVL incidence curve and absence of disease clustering in Araçatuba in the period between 2010 and 2015 could be a result of the application of control measures, even in areas of low coverage 29 . In Birigui, a City bordering Araçatuba, where the first case of HVL was detected in the same year as that in Araçatuba, the disease exhibited, almost in the same period, a different behavior, with an increase in incidence in 2001 and two peaks in 2006 and 2011 12 . The divergence between HVL incidence observed in Araçatuba and Birigui, the two neighboring cities, may be related to the differences in coverage and quality of surveillance and control activities. However, this issue is still subject for future investigations, together with the evaluation of the relationship between coverage of control measures and HVL incidence in both cities.
In relation to the occurrence of the disease by age, a study in Bauru, SP, showed that 43% of the cases occurred in children under 10 years of age 30 . In the whole country, 54.4% of the HVL cases occurred in children aged below 10 years old, and 41% in children aged below 5 years 31 . These results were similar to the findings of our study conducted in Araçatuba. These results can be explained by the fact that children are more susceptible to infections due to their immunological immaturity 32 . Regarding sex, it is expected that there was no difference in the incidence of HVL in people up to 19 years of age, or that there was a small predominance in men, and at 20 years of age or over, a predominance in men 33 . However, in Araçatuba, there was a higher incidence in female patients aged 0-4 years, a result coincident with that obtained in Birigui 12 and in a study conducted in Petrolina, Pernambuco State, Brazil 34 . With regard to the incidence of HVL in patients aged 20 years and over, Botelho and Natal 33 found that in the City of Campo Grande, MS, the risk of developing HVL was higher in men, which similar to that observed in Araçatuba.
This study had some limitations. The use of data from the epidemiological surveillance conducted in Araçatuba probably caused the underreporting of cases, which would imply a change in the actual incidence rate of HVL. The fact that it was not possible to incorporate the data about the vector density and canine prevalence made the analysis less robust. Nevertheless, the identification of clusters of human cases, could contribute to public health decision making. Other positive aspects were the high proportion of cases that were geocoded and the use of GIS and spatial analysis tools that contributed to the identification of areas of risk and a changing pattern of the occurrence of the disease in Araçatuba.
